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R491by a careful analysis of the
three-dimensional structure of
a dividing nucleus and the ER, similar
to what was done for interphase
S. cerevisiae cells [20]. In particular,
it would be of interest to explore if
any specific architectural features
at the mitotic NE–ER interface could
serve as a specialized membrane
reservoir for the NE expansion.
At present, it would be prudent to
conclude that we know very little about
the mechanisms underlying NE
expansion during mitosis and the field
is ripe for major breakthroughs. The
flared mitotic nuclei described by
Witkin et al. [4] should prove a useful
experimental setup for dissecting the
nuclear growth pathways. While often
considered somewhat esoteric, the
closed mitosis is in fact a great system
for understanding non-scalable nuclear
membrane expansion and nuclear
shape control in all eukaryotes.References
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DOI: 10.1016/j.cub.2012.04.043Animal Memory: Rats Can Answer
Unexpected Questions about Past
EventsA new study has found that rats are able to answer, in a hippocampus-
dependent manner, unexpected questions about whether they recently ate
food or not. The results highlight potential shared mechanisms for
remembering personal events in rats and humans, and offer new insights
into the nature of animal memory.Michael J. Beran
‘‘And where were you last night?’’
No matter who asks you this
question — the inquisitive neighbor,
the jealous lover, or the detective
interviewing you in the police
station — the experience is likely to be
similar. You will mentally ‘travel
through time’ to the previous evening,
remembering the critical ‘who, what,when, and where’ information relevant
to the question being asked. You may
even, in some cases, feel as if you were
re-living the evening in question.
These experiences are routine for
humans, and highlight the personal and
specific aspects of our memory for
events. An important question is
whether these experiences are
uniquely human, or whether other
animals have access to the same kindsof memories for specific events and
episodes in their own past. This form of
memory, called episodic memory, and
the question of whether other species
experience mental time travel into the
future and into the past, as when
humans recall personal episodes, is
heavily debated in the comparative
cognition literature [1,2]. A study
reported in this issue ofCurrent Biology
[3] will certainly add to the debate
about episodic memory in animals:
Zhou et al. [3] report that rats have
and use episodic memories that allow
them to answer unanticipated
questions about their own personal
past. These new data are exciting,
and will inspire new discussions
about the nature of animal memory,
and specifically the existence of
episodic memory in nonhuman
animals.
There have been a number of
studies with nonhuman animals that
Current Biology Vol 22 No 12
R492suggested episodic-like memory.
Perhaps best known among these are
studies with scrub jays, in which the
birds cache food items of different
quality, and different decomposition
rates, and then seemingly remember
when and where they cached what, by
retrieving the better (but more
perishable) items after short delays and
the less preferred (but longer-lasting)
items after longer delays [4,5]. Other
studies have assessed so-called
what-where-when memory using
a variety of tasks, with mixed results
[6–9]. And, a few cases have involved
tests with great apes in which
experimenters could actually query an
ape about what it remembers [10], or an
ape could recall and report its
memory for a past event [11]. However,
these reports have been met with
various criticisms, particularly
regarding whether they really proved
that animals can ‘mentally travel
through time’ as would seem to be
a critical aspect of episodic memory
[12]. Thus, it remains an open
question as to how to demonstrate
episodic memory in nonhuman
animals [13–16].
Zhou et al. [3] expanded upon their
own creative memory tests given to
rats to provide the newest evidence
for episodic memory in nonhuman
animals. Rats were trained on two
kinds of tests. In the first, they were
placed in a maze that had five alleys,
three of which were open and had food
at the end. The rats were allowed to
visit these three alleys, and then had to
endure a delay. After the delay, five
alleys were opened, and food was at
the end of the two not previously
visited. The rats were quite good at
going down those alleys rather than the
already visited alleys where no more
food remained. The rats also learned to
navigate a T-maze. At the start of
a trial, a rat either got food or did not:
food delivery (or not) was the cue as to
which way to turn at the end of the
maze to retrieve additional food
items — one direction if the rat had
just eaten food, and the other if it
had not.
The rats performed both of these
tests until they were quite good at
remembering where food still was
located, and remembering whether
they had just eaten food. Then, in
critical test trials, rats ran down three
arms of the radial maze as before. Now,
however, they either got food at the end
of each alley (as before) or they did not.Then, they were given the T-maze test,
where they had to respond based on
whether they had just received food
from the radial maze test or had not.
These critical probe tests were
infrequent, and were unlike the usual
tests with just onemaze or the other, so
the rats could not come to anticipate
when they might get this unusual
combination of mazes. Zhou et al. [3]
argue that the rats were incidentally
encoding the presence (or absence) of
food in the radial arm maze, rather than
in response to some expectation of
being asked (in the T-maze) about
getting food. This is a critical aspect of
the experiment, because it would mean
that rats that accurately commented on
getting (or not getting) food earlier in
the radial arm maze would have to be
doing so when the question was
unexpected. They would have to
access their episodic memory for that
event, rather than using a planned
response due to expecting the T-maze
question to be asked (a response
pattern that would not require episodic
memory).
The story getsmore interesting. Zhou
et al. [3] then temporarily inactivated
the CA3 region of the hippocampus in
some rats, and found very selective
effects on performance in these tasks.
The hippocampus has been implicated
as a critical brain region for episodic
memory in humans [17,18] and also in
other animals [19,20]. So, Zhou et al. [3]
predicted that if these rats were
normally encoding episodic memories
of whether they had eaten food or not,
disruption of processing in the
hippocampus would hurt the
performance pattern in the T-maze that
relied on those episodic memories.
This is exactly what happened.
Interference occurred only for
unexpected questions, but not for
more general responding in the T-maze
when an expected question was asked,
and the rats presumably could
implement a planned action pattern. It
seemed clear that hippocampus
involvement was necessary for the rats
to encode episodes of eating (or not
eating) that they could later retrieve
when the unexpected question was
asked.
It is not clear, andmay never be clear,
what the experience is like for a rat
(or any nonhuman animal) to remember
past events in its life. The issues
surrounding mental time travel in
animals, and the subjective qualities
of memory in other species areimportant, and should be debated
and considered carefully. But, results
such as these are exciting for what
they offer by way of animal models of
cognitive processes that likely share
some qualities with those
experienced and used by humans.
That rats show some similarities in the
brain–behavior links for memory
processes offers valuable new
insights to better understanding
animal memory and human memory,
and also for advancing potential
therapeutic treatments for people
suffering from memory deficits.References
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to the BeatDense populations of microtubules driven by axonemal dynein form large
vortices, providing insights into how simple interactions between individuals
can give rise to large-scale coordinated movement, such as that seen in
schools of fish and flocks of birds.William O. Hancock
Like busy sidewalks, schools of fish,
and confluent monolayers of cells, the
cytoplasm is a crowded environment
where larger order organization results
from numerous interactions between
pairs of individuals. These interactions
are particularly important for
cytoskeletal filaments, which have high
aspect ratios and frequently function in
aligned bundles, such as in the mitotic
spindle, axonal transport, and muscle
fibers. Can we relate the molecular
mechanisms that promote cytoskeletal
organization to the collective group
behaviors seen at the level of cells
and organisms? A recent paper by
Sumino et al. [1] describes coordinated
movements of groups of microtubules
driven by dynein motors and suggests
that the complex emergent behavior
observed in this refined system
can help to understand not only
cytoskeletal organization but also
the coordinated movements of more
complex systems, such as confluent
monolayers of cells and schooling
of fish.
To understand how simple
interactions between pairs of
individuals lead to coordinated
behavior of groups, Sumino et al. [1]
turned to the filament gliding assay,
a workhorse in the molecular motors
field. Axonemal dynein c motors,
which power the beating of cilia and
flagella, were adsorbed to a glass
surface at high surface densities,
and microtubules introduced in
the presence of ATP. Using low
concentrations of microtubules, the
filaments glided across the surfaceat a few microns per second, taking
fairly straight paths and not interacting
with any neighbors (think lone hiker in
a field). Increasing the filament density
to the point where many collisions
occurred (mimicking a crowded urban
environment) led to groups of filaments
migrating together and organizing
into vortices with diameters that were
25-fold larger than the filament lengths.
Over time, the vortices organized into
a quasi-lattice on the surface, with
microtubules switching between
adjacent vortices (Figure 1A).
This type of coordinated movement
is observed in crowded systems at
a range of size scales. Pedestrians
self-organize into lanes on crowded
sidewalks and, under normal
conditions, people efficiently exit
crowded theatres and avoid jamming
[2]. Flocks of birds and schools of fish
involve many individuals moving in the
same direction and rapidly switching
directions en masse, behaviors that
are evolutionarily adapted to avoid
or confuse predators [3]. Marching
locusts and groups of ants show
collective behavior, sometimes to
devastating effect [4,5]. In some of
these cases, the collective migration
forms into a circle or vortex, which
eliminates the need for a leader and
only requires individuals to follow the
individuals in front of them (Figure 1B)
[4,6]. This collective behavior has been
the subject of extensive experimental
analysis and modeling, but, because
individuals can make conscious
decisions, it is often difficult to pin
down the underlying rules that result
in the emergent behavior at the
organismal level.Highly aligned collective motion is
also seen at the level of individual cells
and is relevant for understanding
wound healing and the properties of
bacterial biofilms. In sheets of epithelial
cells and in plates of migrating
bacteria, groups of cells migrating en
masse have been observed (Figure 1C)
[7,8]. In dense cultures of migrating fish
keratocytes, erecting microfabricated
barriers resulted in the cells moving
in a circular pattern [9]. Even in these
relatively simple systems, however, the
range of possible cell–cell interactions
that give rise to the emergent behavior
makes it difficult to constrain models
of the behavior. This is why studying
collective motion in a highly reduced
system like the filament assay is
appealing — the rules governing
interactions between individuals can
be quantitatively characterized to
constrain models of the complex
behavior of groups.
To define the ‘interaction rules’ in
the dynein–microtubule gliding assay,
Sumino et al. [1] characterized
collisions between individual
microtubules at low microtubule
densities and found that collisions
most often caused alignment of the
moving filaments, either in the parallel
or antiparallel direction depending on
the angle of interaction. This contrasts
with collisions of microtubules driven
by immobilized kinesin motors,
where microtubules most often
cross over one another without
any change in direction [10] — more
on that later. Using the rules for
microtubule–microtubule collisions,
a computational model was developed
and the model was shown to nicely
reproduce the vortex behavior. Hence,
very simple interactions between
individuals, which don’t require cellular
mechanotransduction or cognitive
decision making, can lead to complex
behaviors of groups on scales many
times larger than the size of the
individual.
Why do the dynein-driven
microtubules (which average 15
